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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the manufacture approach of the steel for metal mold which fabricates a 
plastic part and a plastic, this inventions are steel for metal mold, such as injection molding of plastics, 
in detail, and they relate to the manufacture approach of the steel for plastic-molding metal mold 
excellent in the machinability in cutting etc. while they show the property which was further excellent in 
toughness, mirror plane finishing nature, and crimp workability. 
[0002] 

[Description of the Prior Art] Conventionally, in order to manufacture various components and a 
product, mirror plane processing and crimp processing are added and the metal mold for a plastic part 
and plastic shaping is used, until it begins autoparts and results in business machine components, a 
precision machinery component, an electrical part, optical-instrument components, etc. Moreover, the 
steel for plastic-molding metal mold which the operating environment of metal mold had made it severe, 
and was further excellent in toughness also from a viewpoint of the improvement in a mold life in the 
field of the latest steel for plastic-molding metal mold with compaction of an injection molding cycle is 
required increasingly. 

[0003] On the other hand, it is called for that the front face is very smooth, and transparent plastics, such 
as an optical lens and medical equipment including a syringe, require mirror plane finishing nature with 
the advanced steel for metal mold used for the shaping. Furthermore, the machinability which severe 
conditions, such as facilitation of metal mold manufacture, low-cost-izing by cutting-tool life extension, 
and high elaboration, were searched for with the ratio rise of a metal mold manufacturing cost in. the 
field of the latest steel for plastic-molding metal mold, and was further excellent in the steel for metal 
mold is demanded. Moreover, cheaper steel for plastic-molding metal mold is desired for reduction of 
the ingredient cost occupied to a metal mold manufacturing cost. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above-mentioned 
technical problem in a Prior art, and aims at offering the manufacture approach of the cheap steel for 
plastic-molding metal mold excellent in toughness, mirror plane nature, and machinability. In the steel 
for plastic-molding metal mold of the conventional precipitation-hardening system, since it had the 
radical ground weave which thinks machinability as important and makes upper bainite a subject, there 
was a problem of being inferior to toughness. Moreover, hot working of the steel for precipitation- 
hardening system plastics metal mold is usually carried out, and aging treatment is performed after 
solution-izing. However, in the above-mentioned heat treatment process, it will heat again after hot 
working and has become a cost rise. 

[0005] For example, in order to attain the improvement in toughness in the steel for plastic molding to 
JP,7-278737,A, the proposal of adjusting radical ground weave to lower bainite with high toughness is 
made. Moreover, there is also a proposal of improving crimp workability, by omitting reheating in a heat 
treatment process to JP,63- 16281 1,A by controlling both generation of martensite as if a manufacturing 
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cost being reduced, and making it a bainite texture. 

[0006] Thus, although above-mentioned JP,7-278737,A obtains the radical ground weave which was 
excellent in toughness cooling to a lower bainite field after austenite field heating, since maintenance in 
a lower bainite field is not taken into consideration, lower-bainite-izing of the whole steel materials is 
not yet enough in the conventional technique. Moreover, in order to perform solution treatment anew 
after hot working, there is a problei^featniffii^ above- 
mentioned JP,63- 16281 1,A, after pferfora mg-4Q— 40%^)f hot working by 973-1 173^ by holding in the 
temperature requirement of ^23-82 3K for 1 to 100 hours, Vhile improving crimp workability by 
controlling martensite-izationana making a base into a bainite texture, aging treatment is attained to 
coincidence, and reduction of the manufacturing cost by reheating abbreviation is aimed at. However, in 
order to heat-treat in 723-823K so that it may serve both as bainite-izing and aging treatment of a base, 
toughness is not enough, although upper bainite serves as a subject and is excellent in machinability. 
[0007] 

[Means for Solving the Problem] While the steel for plastic-molding metal mold which was excellent in 
toughness considering the whole steel materials as a lower bainite organization by controlling the 
cooling rate after hot working, cooling to a lower bainite field as a result of this invention persons* 
examining the above-mentioned trouble, and holding in a lower bainite field was obtained, it found out 
that a solution chemically-modified degree was omissible. It comes to complete a header and this 
invention for the steel for plastic-molding metal mold which nonmetallic inclusion decreased sharply 
and was extremely excellent in mirror plane nature is not only obtaining, but being made to the thing 
excellent in machinability by furthermore adjusting the amount of oxygen and nitrogen volume in the 
steel for plastic-molding metal mold to 0: 15 ppm or less and N: 150 ppm or less at a weight rate. 
[0008] The place made into the summary of the invention is (1) weight rate. C:0.01 - 0.20%, Si: Less 
than [ 1.0% ], Mn:0.5-2.5%, nickel: 1.5-3.5%, Cu: 0.3-2.5%, aluminum:0.3-1.5%, 0:15 ppm or less, 
Cool the steel which consists of the N: 150 ppm or less remainder Fe and an unescapable impurity after 
hot working, and 1 173K or less are cooled to a lower bainite field with the cooling rate of 0.5 or more 
K/s. The manufacture approach of the steel for plastic-molding metal mold of having excelled in the 
toughness, mirror plane nature, and machinability which are characterized by performing aging 
treatment at the temperature of 723K-873K after performing maintenance of 1 .8 or more Kses in the 
field. 

(2) The manufacture approach of the steel for plastic-molding metal mold of having expelled in 
toughness, mirror plane nature, and machinability given in the above (1) characterized by containing one 
sort in less than [ calcium:0.02%, or two sorts or more S:0.01 to 0.30% less than / Pb:0.3% /, less than / 
Bi:0.3% /, less than / Se:0.3% /, less than / Te:0.3% /, less than / Zr:0.005% /, and B:0.01% or less at a 
weight rate further. 

[0009] (3) The manufacture approach of the steel for plastic-molding metal mold of having excelled in 
toughness, mirror plane nature, and machinability the above (1) characterized by containing 1 of 
Cr:0. 05-4.0%, Mo:0. 1-1 .0%, and W:0.5% or less of sorts, and two sorts or more at a weight rate, or 
given in (2) further. 

(4) It is in the manufacture approach of the steel for plastic-molding metal mold excellent in toughness, 
mirror plane nature, and machinability given in Nb: aforementioned [ which is characterized by 
containing two of one sort or 0.6% or less of sorts or more ] (1) - (3) V:0.6% and Ti:0.6% at a weight 
rate further. 

[0010] Then, the reason for limitation of the presentation range of the chemical entity in the steel for 
plastic-molding metal mold excellent in the toughness, mirror plane nature, and machinability in 
connection with this invention is explained. About C0.01 - 0.20 % of the weight, C is an element 
required in order to secure the hardenability of the invention steel concerned, and the hardness of a 
hardening phase, and is required 0.0 1% or more. However, if many [ too ], while spoiling weldability, 
an upper limit is made into 0.20%, in order to martensite-ize a base and to reduce machinability. Si: 
About less than [ 1.0 % of the weight ], although Si is an indispensable element as deoxidation material 
at the time of an ingot, since the toughness after an age-hardening will be reduced if many [ too ], it 
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makes 1.0 % of the weight an upper limit. 

[001 1] Mn: About 0.5-2.5 % of the weight, in order that Mn may secure deoxidation and hardenability, 
it adds, but in order to acquire the effectiveness, let 0.5 % of the weight be a minimum. However, an 
upper limit is made into 2.5 % of the weight, in order to cause the fall of toughness, and for the amount 
of martensite of a base to increase and to bring about the fall of machinability and crimp workability, 
when it adds so much to remainder, nickel: About 1.5-3.5 % of the weight, nickel is indispensable in 
order to raise bainite-hardening nature, and to control generation of a ferrite, to deposit the intermetallic 
compound of a nickel -aluminum system at the time of aging treatment implementation and to secure 
hardness, and since it is an effective component in order to raise crimp workability required for plastics 
metal mold, at least 1.5 % of the weight or more is required. Since superfluous addition reduces thermal 
conductivity, and has the problem of lengthening an injection molding cycle and also spoils 
machinability, it makes 3.5 % of the weight an upper limit. 

[0012] Cu: While Cu brings about precipitation hardening by detailed deposit with nickel and aluminum 
about 0.3-2.5 % of the weight, since it is effective also in the improvement in machinability, at least 0.3 
% of the weight or more is required. However, in order to reduce machinability and toughness, 
superfluous addition makes 2.5 % of the weight an upper limit, while reducing hot-working nature, 
aluminum: Since aluminum is indispensable about 0.3-1 .5 % of the weight in order to generate a nickel- 
aluminum system intermetallic compound at the time of aging treatment implementation and to obtain 
desired hardness, at least 0.3 % of the weight or more is required. However, in order that superfluous 
addition may combine with O or N, may generate an oxide and the nonmetallic inclusion of a nitride 
system and may have a bad influence on mirror plane finishing nature and machinability while it reduces 
hot-working nature and toughness, it makes 1.5 % of the weight an upper limit. 

[0013] In the plastic-molding metal mold molten steel which was excellent in the mirror plane finishing 
nature and machinability in connection with this invention about the reason for component limitation of 
O and N, it is necessary at the time of the ingot to be referred to as 0: 1 5 ppm or less at a weight rate 
about the amount of O. The amount of O is set to 15 ppm or less here for oxide system inclusion 
increasing, if the amount of O increases from this, and mirror plane finishing nature and machinability 
falling. About the amount of N, it is necessary to be referred to as N: 150 ppm or less at a weight rate. 
Although N forms aluminum and a nitride, makes an austenite grain detailed and a uniform organization 
is obtained, the amount of N is set to 150 ppm or less for bringing about the fall of machinability by 
adding superfluously here, while reducing mirror plane workability by forming a big and rough nitride 
by hard, and causing the omission easily at the time of mirror plane processing. 

[0014] Although the machinability which is a property important as steel for plastic-molding metal mold 
is attained by regulating O and N, it is a weight rate further and one sort in less than [ calcium:0.02% ] 
or two sorts or more may contain it S:0.01 to 0.30% less than [ Pb:0.3% ], less than [ Bi:0.3% ], less 
than [ Se:0.3% ], less than [ Te:0.3% ], less than [ Zr:0.005% ], and B:0.01% or less. S is effective in 
improvement in machinability, and is required to show the effectiveness. [ 0.01% or more of] However, 
since it becomes the cause of generating of pitting, and generating of too much pit while forming big 
and rough sulfide system inclusion and spoiling toughness when S is added so much, let 0.30 % of the 
weight be an upper limit. Moreover, Pb, Bi, Se, Te, Zr, B, and calcium are also elements effective in 
improvement in machinability, and may be added if needed. However, in order that too much addition 
may reduce hot-working nature and may spoil toughness, it makes [ Te / Pb, Bi, Se, and / Zr / B ] 0.02 
% of the weight an upper limit about calcium 0.01% of the weight 0.005% of the weight 0.3% of the 
weight, respectively. 

[0015] Since it is effective in order that Cr, Mo, and W may make the hardenability of metal mold 
improve and considering as Cr:0.05-4.0 % of the weight, Mo:0.1-1.0 % of the weight, and W:0.5 % of 
the weight or less may raise hardness and toughness about the reason for limitation of the component of 
Cr, Mo, and W, one sort or two sorts or more of alloy contents may contain among these. Since 
especially Cr and Mo are a component effective also in corrosion resistance improvement, in order to 
confirm the effectiveness, Cr makes 0.05 % of the weight a minimum, and Mo makes 0. 1 % of the 
weight a minimum. However, since there is a problem of reducing the heat conductivity and lengthening 
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a plastics injection molding cycle while depositing carbide and reducing toughness, when it adds too 
much superfluously, 4.0% of the weight, Mo makes 0.5 % of the weight, and Cr makes W an upper limit 
1.0% of the weight 

[0016] Although, as for V, Ti, and Nb, considering as less than [ Ti:0.6% ] and less than [ Nb:0.6% ] 
V:0.6% or less made crystal grain detailed and effectiveness was acquired about the reason for limitation 
of the component of V, Ti, and Nb by the improvement in toughness, in order that a lot of addition 
might make solution-ized hardness high beyond the need, and might reduce toughness conversely and 
might also make machinability fall, it could be 0.6 or less % of the weight. 

[0017] After the manufacture approach of the steel for plastics metal mold excellent in the toughness in 
Y this invention, mirror plane finishing nature, and machinability performs r^Bing^orJo^ing between 
^ Q°L-heat^ cools 1 173Kx>rJess^^ of 0.5 or more K/s and performs 

maintenancgj rf 1 .8 or more Kses in th e field, it is characterized by performing aging treatment at the 
llSO- temperature of 723KJT73K. Here, 1 173K or less are cooled by 0^5 or more K/s after hot working for 
(^O O C becoming the organization where radical ground weave makes a ferrite and a pearlite a subject, and 

toughness falling, when 1 173K or less cooling rate is less than 0.f> K/s. 

[0018] moreover, bainite [ in / set / to 1.8 or more Kses / the holding time in a lower bainite field / in a 
lower bainite transformation field / the CCT diagram of steel ] — the lower part of a nose, i.e., bainite, - 
it is because it becomes possible from the tip of a nose to fully consider the whole steel materials as a 
lower bainite organization by being a low temperature side and performing maintenance of at least 1 .8 
or more Kses. 
[0019] 

[Embodiment of the Invention] The gestalt of operation of this invention is shown in the following 
examples. The steel for plastic-molding metal mold which has the chemical entity shown in Table 1 is 
ingoted by the usual ingot approach, and a test specimen is produced. The invention steel 1-6 is steel for 
plastic-molding metal mold with which are satisfied of the component indicated by either of claims 1 -4 
here. On the other hand, although the comparison steel 1 differs from O and N differs from a generic 
claim, others are the invention steel 1 and an equivalent component. Moreover, although the comparison 
steel 2 differs from O and N differs from a generic claim, others are the invention steel 4 and an 
equivalent component. 

[0020] In Table 1, it is shown that the notation of "-" of a component value is an unescapable impurity. 
Then, after cooling 1 173K or less to the lower bainite region on the conditions shown in Table 2 after 
fabricating in a predetermined configuration and holding at predetermined temperature with rolling or 
forging between heat about the test specimen shown in Table 1, the steel for PURIHA boss plastic- 
molding metal mold was manufactured by performing aging treatment at the temperature of 773 K. 
Drawing 1 is drawing showing the heat treatment pattern of this invention. Moreover, it is the example 9 
and No 10 of a comparison which what cooled 1 173K or less cooling rate under with the cooling rate 
indicated by the claim after hot working shows in Table 2 about the invention steel 2 and 5 shown in 
Table 1. 

[0021] Furthermore, the examples 1 1-No 14 of a comparison are the steel for PURIHA boss plastic- 
molding metal mold which manufactured the invention steel 1, 3, 4, and 6 according to the conventional 
process, respectively, and drawing 2 is drawing showing the example of the conventional heat treatment 
pattern. The result of having evaluated the temper of the steel for PURIHA boss plastic-molding metal 
mold processed on said heat treatment conditions, an organization, an impact resistance value, mirror 
plane finishing nature, machinability, and crimp workability is summarized in Table 2. In Table 2, the 
organization wrote as lower bainite:L.B, upper bainite:U.B, ferrite: alpha, and pearlite:P. In addition, it 
was processed into the piece of 2mmU notch Charpy test about the impact resistance value, and the 
room temperature estimated. 

[0022] About mirror plane finishing nature, thing: O with very good mirror plane finishing nature and 
mirror plane finishing nature evaluated in this test specimen by considering as good thing: O, thing:** 
which is a little inferior in mirror plane finishing nature, and thing: x which is inferior in mirror plane 
finishing nature. About machinability, it carried out on the conditions which show an end mill 
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workability test in Table 3 about each test specimen. The end mill workability test evaluated by the 
length of cut (m) to tool breakage. About crimp workability, it evaluated by taking lessons from what 
carried out crimp processing on these conditions about each test specimen, and took lessons from what 
crimp unevenness generated as a result, and xrimp ****** and crimp unevenness did not generate, and 
considering as nothing [ xrimp unevenness ]. 
[0023] 
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[Table 3] 
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[0026] As mentioned above, the examples 1-No 6 of this invention manufactured by the manufacture 
approach of the steel for plastic-molding metal mold in connection with this invention became clear 
[ excelling in toughness ] by adjusting an organization to lower bainite to the examples 9-No 14 of a 
comparison so that more clearly than the result shown in Table 2. Furthermore, it turns out that the 
examples 1-No 6 of this invention are excellent in mirror plane finishing nature to the example 7, 8, 9, 
and No 10 of a comparison. The example 7 and No 80 of a comparison and the amount of N cross the 
component range of this invention remarkably, and mirror plane finishing nature is [ there is much big 
and rough nonmetallic inclusion, and ] very bad hard. Moreover, since the radical ground weave of the 
example 9 and No 10 of a comparison is an organization where a ferrite, a pearlite, and upper bainite are 
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" intermingled, mirror plane finishing nature is falling. 

[0027] Moreover, the good result was obtained [ in / to the example 7 and No 8 of a comparison / in the 
examples 1-No 6 of this invention / the end mill workability test ]. In order that O and the amount of N 
may exceed the component of this invention about the example 7 and No 8 of a comparison, 
machinability is falling. Furthermore, by adjusting radical ground weave to lower bainite, crimp 
unevenness did not occur but the examples 1-No 6 of this invention had good crimp workability. Since, 
as for the example 9 and No 10 of a comparison, radical ground weave is a ferrite, a pearlite, and the 
organization where upper bainite is intermingled, crimp unevenness occurs and crimp workability is 
falling. 
[0028] 

[Effect of the Invention] It is holding by this invention's controlling the cooling rate after hot working, 
and cooling it to a lower bainite field, and performing lower bainite generation processing as explained 
above. A solution chemically-modified degree becomes omissible., while having the organization 
excellent in toughness It is adjusted to 150 ppm or less by weight % about the thing adjusted to 15 ppm 
or less by weight % about the amount of O, and the amount of N. It has the mirror plane finishing nature 
excellent in aiming at reduction of nonmetallic inclusion, and the very useful effectiveness of attaining 
the improvement in a life of reduction of a manufacturing cost and metal mold to coincidence is brought 
about by offering the manufacture approach of the steel for plastic-molding metal mold excellent in 
machinability and crimp workability. 



[Translation done.] 
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